The possibility that diabetes mellitus, a common condition in many populations, may increase the risk of hepatocellular carcinoma (HCC) has been raised in a number of cohort and casecontrol studies (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . In particular, this hypothesis received strong support from two large population-based cohort studies, one undertaken in Sweden (13) and the other in Denmark (14). Although most of the studies were methodologically adequate, few directly adjusted for tobacco smoking and alcohol intake; moreover, in none, to our knowledge, were the results specifically controlled for serologic indication of chronic infection with hepatitis B virus (HBV) and hepatitis C virus (HCV).
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We have completed in Athens, Greece, a large case-control study of HCC in which information on medical history and life-style variables has been collected and chronic infection with HBV and/or HCV has been assessed. Details of the study were published previously (15, 16) . Briefly, during the period from January 1995 through December 1998, a total of 374 patients with incident HCC were admitted to one of three teaching hospitals in Athens; 333 (89%) of these patients with confirmed disease participated in the study. A total of 385 control subjects were identified from among patients who were hospitalized for eye, ear, nose, or throat conditions or for injuries and who had no history of cancer and no liver damage. Twenty-five (6%) of these patients refused to participate, which left 360 control subjects who were included in the analysis. The control subjects were generally matched with the case subjects by sex and age (±5 years). The mean age was the same (64.0 years) in both the HCC case subjects and the control subjects; 50 (15.0%) of the case subjects and 62 (17.2%) of the control subjects were female. The study protocol was approved by the University of Athens Medical School Committee of Ethics and Research.
All case and control subjects were interviewed in the hospital by use of a standardized questionnaire. A diagnosis of diabetes mellitus at least 1 year before the diagnosis of the current disease among case and control subjects was confirmed by examination of their respective medical records. Sera were obtained from each subject and were transferred on dry ice to the internationally certified BIOMED Laboratories in Athens for serologic testing for HBV and HCV markers (15) . Randomly chosen coded sera from 97 HCC case subjects and 130 hospital control subjects were tested in the same laboratory for insulinlike growth factor-I (IGF-I) and its binding protein 3 (IGFBP-3). IGF-I was measured with the use of a chemiluminescence assay, and IGFBP-3 was measured with the use of a radioimmunoassay. Assays were done at the BIOMED Laboratories using assays produced by the Nichols Institute, San Juan Capistrano, CA. As part of their clinical management, 85 of the HCC case subjects also were tested for serum albumin levels and prothrombin time in the hospital laboratories.
An indicator of functional liver damage was constructed among case subjects by use of evidence of cirrhosis determined from available pathology slides or from medical records and also from prothrombin time (international normalized ratio [INR] units) and serum albumin levels (g/dL). We thought that a composite score was a more reliable indicator of liver damage, since a biopsy specimen was not available for all HCC subjects. This indicator ranged from 0 (no evidence of functional liver damage) to 3 (evidence of substantial functional liver damage). Thus, a patient with evidence of cirrhosis, whose albumin levels were less than or equal to 4.0 g/dL, and with a prothrombin time of 1.5 or more INR units was given a functional liver damage indicator of 3.
Statistical analysis was done by use of multivariate unconditional logistic regression models, in which HCC status was the dependent variable and the matching factors age (categorical) and sex were controlled for. The following potentially confounding variables were also adjusted for in the model: years of schooling (ജ12 years versus <12 years), hepatitis viral status (infection with either or both viruses versus no infection), smoking status (ever versus never), and alcohol consumption (ജ40 glasses per week versus <40 glasses per week). In the logistic regression analysis, the odds ratio (OR) provides an estimate of the association between HCC and the variable of interest; the 95% confidence interval (CI) around the OR indicates whether the association is statistically significant at the .05 level. To compare the means of continuous variables between two groups, we calculated mean differences and associated 95% CIs on the basis of the two-sided t distribution. Table 1 shows the distribution of HCC case and control subjects by history of diabetes mellitus and by the potential confounders. As reported previously (15, 16) , chronic infection with HBV or HCV appears to substantially increase the risk of HCC, whereas both smoking and high intake of alcohol only modestly increase the risk. The OR linking history of diabetes mellitus with HCC adjusted only for age and sex (OR ‫ס‬ 1.83; 95% CI ‫ס‬ 1.18-2.84) was not much different from that adjusted for all potential confounders (OR ‫ס‬ 1.86; 95% CI ‫ס‬ 0.99-3.51). Adjustment for age and sex and for one additional confounder had only a marginal effect on the OR estimate (data not shown). Table 2 shows the mean IGF-I and IGFBP-3 levels among HCC case and control subjects, as well as the mean functional liver damage score among HCC case subjects by history of diabetes mellitus. Both IGF-I and IGFBP-3 levels were strikingly lower among HCC case subjects than among control subjects (mean IGF-I difference ‫ס‬ 104.85 ng/mL [95% CI ‫ס‬ 90.25-119.46]; mean IGFBP-3 difference ‫ס‬ 1.56 g/mL [95% CI ‫ס‬ 1.36-1.76]). HCC case subjects with diabetes had lower levels of both IGF-I (P ‫ס‬ .27) and IGFBP-3 (P ‫ס‬ .02) in comparison to HCC case subjects without diabetes. The mean functional liver damage was higher in HCC case subjects with diabetes than in those without (P ‫ס‬ .02).
This study is relatively large, and no §There are three case subjects and one control subject without information on history of schooling.
There are eight control subjects with missing data on hepatitis virus infection.
obvious major bias is likely to have been introduced into the design and execution of the study because results concerning HBV, HCV, alcohol consumption, and tobacco smoking (15, 16) are in line with those previously reported (7, 17, 18) . In addition, all established confounding factors were adequately controlled for. Selection bias related to the use of hospital control subjects is a theoretical possibility, but it would be unlikely, since the disease under consideration, diabetes mellitus, was not part of the admission diagnosis in our investigation. Moreover, the median time between diagnosis of diabetes mellitus and the current disease was higher among the HCC case subjects than among the control subjects, which suggests that the association between diabetes mellitus and HCC occurrence also is not likely the result of selection bias related to the diagnosis of diabetes. It is remotely possible that the use of hospital control subjects could have led to an underestimation of the association between HCC and diabetes mellitus if, for whatever reason, the control subjects had a higher prevalence of diabetes than the source population giving rise to the case subjects. The opposite, however, seems improbable because HCC case subjects are bound to be hospitalized, irrespective of the coexistence of any other disease. Although the pathophysiologic characteristics of diabetes mellitus were not elaborated, type II diabetes is substantially more common than type I diabetes in Greece, as in the rest of Europe (19) . There was no difference between diabetic and nondiabetic HCC case subjects with respect to whether information on cirrhosis was from pathology slides or from medical records or whether prothrombin time and serum albumin levels were measured. Our study indicates that there is a positive association between a history of diabetes mellitus and the occurrence of HCC and that this relationship is not confounded by any of the known major risk factors for HCC. A number of possible mechanisms might explain this association (13) . First, since most case subjects with diabetes are non-insulin dependent and are characterized by hyperinsulinemia, insulin or its precursors may interact with liver cells to stimulate mitogenesis or carcinogenesis (20) (21) (22) (23) . The substantial reduction in IGF-I and IGFBP-3 levels among diabetic, as compared with nondiabetic, HCC case subjects in our study may reflect an intimate link between pancreatic and hepatocellular processes, the nature of which are poorly understood. Alternatively, the metabolic effects of diabetes may increase the risk of HCC through nonalcoholic steatohepatitis and cryptogenic cirrhosis (24) (25) (26) . An observation that loss of heterozygosity of p53 is statistically significantly more common among HCC patients with diabetes than among those without also provides evidence for a possible molecular mechanism for this association (27) .
Lastly, the long pathophysiologic process of liver disease may increase insulin resistance in susceptible individuals, since patients with liver disease are known to have an increased prevalence of glucose intolerance (3, 28, 29) . It is possible that mutations in hepatocyte nuclear factors cause diabetes though impairment of pancreatic beta-cell function (30) . This hypothesis is supported by our observation that functional liver damage is higher among HCC case subjects with diabetes mellitus than among those without a history of this disease. Table 2 . Mean insulin-like growth factor-I (IGF-I) and insulin-like growth factor-binding protein 3 (IGFBP-3) levels among hepatocellular carcinoma (HCC) case subjects and control subjects and mean functional liver damage score among HCC case subjects by history of diabetes mellitus (DM) 
